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ABSTRACT
The efficiency and feasibility of organic acids, especially formic and benzoic acids in the feeding of
fur animals was investigated in five experiments, where the main emphasis was focused on the
metabolism and rate of elimination of these preservatives, in order to assess practical dietary
recommendations. Experiments were carried out with mink (Mustela vison), blue foxes (Alopex
lagopus) and raccoon dogs (Nyctereutes procyonoides).
Formic acid (85% w w-1) alone (6 g kg-1, pH 4.0) stabilized slaughterhouse by-products, but only in
the short term. The effect against yeasts was marginal and a regrowth of aerobic bacteria attributable
to yeast growth and subsequent increase in pH resulted in organoleptic spoilage of the silages within
35 d irrespective of storage temperatures (4 and 20 °C). Additional propionic acid (2 g kg-1) enhanced
preservation efficiency, but benzoic acid (2 g kg-1) was more effective against yeasts. In practical
applications a combination of 10 g kg-1 formic acid and 3 g kg-1 sodium benzoate stabilized boneless
by-products for several months. Ensiling improved apparent digestibility of fat of the boneless by-
products in mink, but for high-ash by-products it resulted in the hydrolysis of fat, indicative of the
formation of insoluble calcium salts.
Oxidation tests in mink showed that the mink oxidizes formate at a rather low rate. Based on the
average oxidation rate of 30-35 mg kg-1 BW h-1, the maximum daily formic acid (85% w w-1) intake
was approximated to be 1 g kg-1 BW. In blue foxes, based on the half-life measurements in blood, a
maximum intake was estimated at 2.2 g kg-1 BW. Regardless of the different methods of investigation,
the results suggest that blue foxes metabolize formic acid more efficiently than mink. However, both
in mink and blue foxes metabolism of formate appeared to be less efficient than in previously studied
nonprimates which warrants a close monitoring of dietary concentrations in practice, particularly
during periods of high feed intake. For optimal metabolism of formate, both mink and blue foxes
should receive supplemental folic acid, more than is conventionally recommended for the prevention
of folic acid deficiency.
The results concerning the practical production trial are consistent with observed formate oxidation
rates and earlier research. Dietary formic acid concentration of 5 g kg-1 appeared to be a threshold
level for preweaned and weaned mink kits. At the threshold concentration during the intensive growth
period performance is temporarily deteriorated by formate irrespective to defects in production
parameters at pelting. Based on the number of born and weaned kits per female and the histologically
evaluated developmental stage of spermatogenesis, the level of formic acid ensiled silage did not have
negative effect on reproductive performance of mink. Furthermore, reproductive performance was not
affected by dietary folic acid level (1.5 and 10 mg kg-1 DM). Weaning weights of male kits were
negatively affected by the highest silage level that contributed approximately 4.5 g kg-1 formic acid.
With respect to the elimination of benzoate, none of the studied mink, blue foxes or raccoon dogs
showed signs of sensitivity, but there were inter-species differences in benzoate elimination. Blue
foxes eliminated large amounts of benzoate as hippuric acid (benzoylglycine) across all dietary levels
whereas its proportion decreased in mink and raccoon dogs. In raccoon dogs, the proportion of
hippuric acid was also initially low. In blue foxes 10% of dietary benzoate appeared unbound in urine,
a value double that observed in mink and raccoon dogs. Furthermore, in this species, faecal percentage
of free benzoic acid increased with dietary level and accounted for 15% with the highest dietary level
of 4.15 mmol kg-1. Dietary glycine contents encountered in practice did not limit urinary hippuric acid
excretion.
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1INTRODUCTION
Between 1990 and 1999, the average sales of farmed mink and fox pelts to Western markets
were 25.6 and 3.6 million pelts, respectively, of which 1.8 million mink and 1.9 million fox
pelts were produced in Finland (Anon., 1999a). Compared with the national meat industry, fur
farming is a sufficiently large business in Finland to be able to utilize all suitable by-products
that become available and therefore, plays an important role in the utilization of by-products
and recycling of nutrients.
Because biologically and hygienically edible parts of cattle and pigs form only 55 and 63% of
the live weight, respectively, great quantities of different by-products not qualified for human
consumption are produced by meat industry in every country (Bengtsson & Holmqvist 1984).
The percentage of by-products that can be reused as an animal feed varies from one country
and culture to another, but on average it is 40% of carcass weight in cattle, over 10% in pigs
and over 30% in poultry (Miller & De Boer, 1988). Based on a national meat production of
340 million kg in 1999 and information provided by a rendering plant (Lahtinen, personal
communication), production of slaughterhouse by-products (including bones) in Finland
exceeded 150 million kg. Fur animals consumed approximately 95 million kg of those by-
products, representing 25% of total feed for fur animals. In addition, suitable low bone by-
products were also imported, which increased total percentage of by-products in total fur
animal feed to over 30% (Anon., 1999a; Valkosalo, personal communication).
High moisture and nutrient content combined with enzymes and temperature favoring growth
of microbes make slaughter by-products perishable and if not properly treated, can be even
dangerous to the environment and human health. Due to a continuous offal output from
slaughterhouses, but irregular consumption by fur animals leads to fur farmers having to
preserve and store these materials for several months. Even though ensiling of by-products
with formic acid is well documented, primarily in fox farming (Backhoff, 1943), a break-
through for conservation of offal has not been achieved and great quantities of feedstuffs are
still stored frozen. Use of formic acid among mink farmers was considered to be associated
with a lowering fur quality and decreased male reproductive performance. Its use for ensiling
was also decreased due to unreliable information concerning the toxicity of formic acid, an
effective organic acid preservative (Näveri, 1983). Furthermore, due to a one-feed system and
due to the use of mink as an animal model also for both the blue (Alopex lagopus) and silver
2(Vulpes vulpes) fox, inter-species differences and performance of foxes with different feeds
were not emphasized. Furthermore, since homogenous fish products better suited large scale
ensiling applications, research was focused on the preservation of these materials (Møller
Jensen & Jørgensen, 1975).
The possibility to use nonheated low risk slaughterhouse by-products in fur animal feeds is
based on the Council Directive 90/667/EEC (Anon., 1990) which is implemented in Finland
by a ministerial decision on the 7 July 1994. The decision defines conditions for the use of
by-products in fur animal feed. Provisions of the decision cover transportation and storage
including an official registration of fur animal feedingstuff processing plants that manufacture
fur animal feed for sale. The basic principle is that the use of by-products must not threaten
the environment, human or animal health. As far as BSE is concerned, by Commission
decision (2000/418/EC) specified risk material of bovine animals has to be removed and
destroyed after 1 October 2000 in all Member States. Optionally to immediate incineration the
risk material can be pre-processed in specified process lines of high risk plants approved for
this purpose. It is yet unclear if this dehydrated product will be allowed in fur animal feed in a
Member State. In Finland BSE specified risk material indicates a removal of approximately
30% of bovine by-products conventionally used as fur animal feed (Lahtinen, personal
communication), which is less than 10% of all meat industry by-products utilized by fur
animals.
In Finland the proper treatment of slaughterhouse by-products is nationally important because
of the very low level of zoonooses in the country (Anon., 1999b; Anon., 1999c). In order to
maintain this level low future (below 1%), the Finnish Ministry of Agriculture and Forestry
created a national salmonella control program (Anon., 1994b) which the Commission
approved during EU membership negotiations in 1994 (94/968/EC). The Finnish Ministry of
Agriculture and Forestry in 1998 also banned the use of antibiotics in fur animal feed as a
preventive medication (Anon., 1998), highlighting the importance of hygienic quality of
slaughterhouse by-products. There is also special legislation under preparation in order to
prevent the spreading of zoonooses via slaughterhouse by-products that are fed to fur animals,
which will require immediate treatment of by-products, in a special section within the
slaughterhouse. Heating or ensiling will be the two alternatives that all by-products
designated for fur animal feed have to go through before leaving the plant.
3Salmonella is not a large problem with fur animals, although pregnant mink and foxes and
young fox cubs are vulnerable (Jørgensen, 1985; Kangas, 1982). Instead, the main concern
deals with the fact that contaminated fur farms are in contact with food producing area.
Hence, without being the initial source of the disease, fur farms may maintain and spread the
disease in a particular area. Furthermore, some farms also produce meat or milk in addition to
furs. Therefore, it is important that feed manufacturing practices of fur farming do not
contradict, but are in accordance with other fields of animal production and contribute to the
common national goal.
Central substances of the study
Formic acid
Formic acid (HCOOH) is an organic acid with a molecular weight of 46.03 and pKa of 3.75. It
is colourless, transparent liquid with a pungent odour, an irritant to eyes, skin, and mucous
membranes and is miscible with water. Formic acid occurs naturally in a variety of plants and
fruits, mammalian tissues and insect venoms. Formic acid is a normal constituent of the body
and is metabolically important in the transfer of one-carbon substances which primarily come
from amino acid metabolism, and act as a substrate for nucleic acids (Mathews & van Holde,
1990; Stryer, 1988). Formic acid is used in industry during the preparation of a variety of
drugs, dyes, and chemicals. Formic acid is produced by heating carbon monoxide and sodium
hydroxide under pressure and then treating the resulting sodium formate with sulphuric acid.
Even though some of the antimicrobial action of formic acid is based on its pH decreasing
effect, inhibition of microbes is mainly associated with the undissociated molecule under
acidic conditions (Figure 1). Being the strongest organic acid and having a relatively low
pKa, formic acid acts both as acidulant and preservative (Figure 2). Formic acid inhibits the
growth of yeasts and bacteria and can also eliminate salmonella from feeds (Lueck, 1980;
Frank, 1994). In animal feeds, formic acid has been used for a long time to ensile grass for
ruminants, but it has now become an established feed additive for monogastric animals.
Formic acid improves the digestibility of dietary protein and the growth of young piglets, and
is beginning to replace antibiotic growth promoters in Europe (Partanen et al., 1998; Partanen
& Mroz, 1999).
4Figure 1. Schematic representation of the mode of action of preservative acids and their salts.
Undissociated molecules permeate cell membrane, anions accumulate in the cell and disrupt
cell functions. Cell energy sources are depleted in transporting protons from cytoplasm in
order to re-establish pH-balance.
Formic acid is readily absorbed from the gut or through skin and mucous membranes. It is
also a breakdown product of methanol and formaldehyde. Regardless of being a natural
metabolite, formic acid is toxic if accumulated in free form in the body. Primates, particularly
humans, are more sensitive to accumulation than nonprimates (Clay et al., 1975). Symptoms
include metabolic acidosis, ocular pathological changes and death (Frenia & Schauben, 1992;
Clay et al., 1975; McMartin et al., 1977). The rate at which formic acid is oxidized into CO2
depends on hepatic levels of folic acid vitamer THF and on species-specific activities of
involving enzymes (Johlin et al., 1987) (Figure 3). The toxicity of formic acid is based on its
biological activity. It is an inhibitor of cytochrome-oxidase complex at the terminus of the
respiratory chain in mitochondria (Moody, 1991).
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5Figure 2. Percentage of formic and benzoic acid molecules that exist undissociated in media
of various pH. The pH where half of the preservative is dissociated and half undissociated is
indicated by the pKa value, 4.2 and 3.75 for benzoic and formic acids (and their salts),
respectively.
Even though formic acid has been known for decades within fur animal feeding (Backhoff,
1943), its use has also been the subject of some dispute, partly due to a lack of knowledge
concerning formic acid metabolism (Näveri, 1983), and partly due to confusion caused by
several other concomitant dietary factors, such as anemiogenic fish and sulphuric acid present
in fish silage (Kangas, 1977; Näveri, 1983) and peroxidized feed fat (Havre et al., 1973).
Furthermore, formic acid was suspected to deliteriously effect reproductive performance in
mink (Näveri, 1983; Näveri, 1984).
Because trimethylamine oxide (TMAO) and its breakdown product, formaldehyde that exists
naturally in anemiogenic fish were identified to render dietary iron unabsorbable (Ender &
Helgebostad, 1968; Costley, 1970), doubts concerning potential anemiogenic agent were
raised (Näveri, 1983). Even though detrimental effects of formic acid on foxes were not
experienced or verified with experiments, due to a one-feed system for all fur animal species,
use of formic acid as feed preservative declined. In Denmark, acetic acid was substituted for
formic acid in sulphur acid-formic acid ensiled fish because of its limited palatability in mink
kits of 4-6 wk of age (Møller Jensen & Jørgensen, 1975; Jørgensen, 1981). Therefore, one of
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6the objectives of this study was to investigate and assess fur animal species-specific uses of
formic acid.
Figure 3. Structure of folic acid. A biologically active form of folic acid is 5,6,7,8-
tetrahydrofolate (THF), a highly versatile carrier of one-carbon units (methyl, methylene,
formyl, formimino, methenyl) that are bonded to the N5 and N10 nitrogen atoms. In the
oxidation of formate, THF receives formyl group (catalyzed by N10-formylTHF synthetase,
EC 6.3.4.3.) and donates CO2 (catalyzed by N10-formylTHF dehydrogenase, EC 1.5.1.6.).
Because vitamin B12 is required for generation of THF from N5-methylTHF, a B12 deficiency
leads to the accumulation of N5-methylTHF and hence, to a deficiency of the functional form
of folic acid, THF.
Folic acid
Folic acid, or folates as a generic name, are available from a large variety of sources such as
green leafy vegetables, liver, beans and fermented dairy products (Vahteristo, 1998). A
disease later discovered to be folic acid deficiency was first described by Wills in 1931 as a
”tropical macrocytic anemia” observed in India, that was often associated with pregnancy,
and prevented or relieved by extracts of autolyzed yeast and liver (Scott et al., 1982). In 1940
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7this unidentified factor was concentrated from spinach and named according to requirement
by Streptococcus faecalis. Folates are necessary for red blood cell formation, metabolism of
fats and amino acids, cell division, protein synthesis, DNA and RNA synthesis, and thus for
the growth and reproduction of all body cells. The importance of folates is based on their
requirement as coenzymes in the transfer and utilization of one-carbon units in a variety of
biosynthetic reactions. Therefore, during periods of rapid cell regeneration and growth, such
as pregnancy and infancy, increased amounts of folate are required. In addition, folate has
further roles in the prevention of diseases such as neural tube defects and accumulation of
homocysteine, a risk factor for cardiovascular disease (Scott, 1997).
By nomenclature folates are a group of heterocyclic compounds based on 4-[(pteridin-6-
ylmethyl)amino]benzoic acid skeleton conjugated with one or more, usually 5 to 8, L-
glutamic acid residues. Folic acid (Figure 3) (mol. wt. 441.4 g) is not present in biological
systems but is the form generally used in pharmaceutical and fortified food products.
Even though the requirement of folic acid in animal feeds is, markedly lower than 1 mg kg-1
DM, and it takes several weeks before deficiency symptoms appear even in growing animals
(Thenen & Rasmussen 1978; Kim et al., 1994), there is evidence that folate status for optimal
performance and development of production animals is achieved with additional
supplementation as high as above 10 mg kg-1 feed DM (Matte et al., 1999).
Benzoic acid
Benzoic acid (E 210), C6H5COOH (mol. wt. 122.1) is a granular or crystalline powder with a
sweet or astringent taste and is generally known as a preservative. It is mainly used in the
form of sodium benzoate (E211), C6H5COONa (mol. wt. 144.1), because the sodium salt has
a higher solubility in water (500g L-1) than the acid (3.4 g L-1). Benzoic acid occurs naturally
in many acidic fruits and berries, such as cranberries, plums, cinnamon, and ripe cloves.
Benzoic acid is one of the oldest chemical preservatives used in the cosmetic, drug and food
industry. Sodium benzoate was the first chemical preservative permitted in food for human
consumption in the U.S. in 1908, and continues to be used in a large number of foods (Jay,
1992). Benzoate inhibits yeasts more than it inhibits moulds or bacteria. As with other
lipophilic acids, the undissociated form is essential to its antimicrobial activity (Figure 1). In
8undissociated form, benzoic acid and sodium benzoate are soluble in cell membranes and
facilitate proton leakage into cells, increasing cellular energy requirements to maintain
internal pH. Due to a relatively low pKa, 4.2, the antimicrobial activity of benzoate is rather
low at higher pHs (Figure 2). Instead, alkyl esters of p-hydroxybenzoic acid, parabens, with
a pKa 8.5, are used to extend the activity spectrum to pH 8 (Jay, 1992; Lueck, 1980). In
animal feeds the use of benzoic acid has increased during recent years. Benzoate inhibits
fungal growth in formic acid treated grass silages (Aronen et al., 1987). In liquid pig feeds
benzoate has been used to inhibit yeast fermentation (Rantanen, personal communication) and
according to Mroz et al. (1998) Ca-benzoate in pig feed increases urine acidity and reduces
ammonia emissions.
Like other aromatic carboxylic acids, benzoic acid is xenobiotic and is eliminated from the
body, mainly by conjugation with glycine, and to a lesser extent with glucuronic acid (Bridges
et al., 1970). Conjugation occurs mainly in the liver and kidneys, and the product
benzoylglycine, also called hippuric acid, is excreted in urine (Hutt & Caldwell, 1990)
(Figure 4). As an exception to all other studied species, the cat (family Felidae) is rather
sensitive to benzoic acid, due to an inability to produce benzoyl glucuronide (Bedford &
Clarke, 1972).
Figure 4. Congugation of benzoic acid with glycine. In many animal species conjugation with
amino acids is an important route in the biotransformation of xenobiotic carboxylic acids
before elimination in urine.
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9OBJECTIVES OF THE STUDY
The overall objective of this study was to develop a feasible, safe and easily applicable
method for the ensilage of slaughterhouse by-products for use as a fur animal feed. The
ensiling treatment would also have to prevent microbial and nutritional spoilage of by-
products immediately after production, within the processing plant.
As one of the main feedstuffs, slaughterhouse by-products have a crucial effect on the
hygienic quality of ready mixed fur animal feed, and hence on animal health. In addition to
improved feed hygiene and several economical benefits in feed manufacturing and
transportation, the goal of the study was to eliminate slaughterhouse by-products as a carrier
or recycler of common zoonooses such as salmonella. As a result, fur farming would
contribute to a reduced need for antibiotics in animal production and therefore afford benefits
to human and animal health.
Due to a lack of information concerning physiological principles of the use of organic acids in
the diets of fur animals, another objective of this study was to investigate the metabolism of
these preservatives, and on the basis, provide reliable recommendations for their use in
practice. With the respect to fur producers, the goal was to increase the use of by-product
silages and reduce the need for costly frozen storage of these materials.
In order to accomplish these objectives microbiological, physiological and nutritional studies
were conducted.
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MATERIALS AND METHODS
Experimental procedures
In Exp. I benzoic and propionic acids were compared in their ability to enhance the stability
of a batch of slaughterhouse by-products that was first acidified with a sub-inhibitory level of
formic acid (6 g kg-1) to pH 4. The development of microbiological quality was followed by
measuring total aerobic bacteria, faecal enterococci, coliform bacteria, hemolytic bacteria,
sulphite reducing anaerobic bacteria, and yeasts and moulds. Nutritional quality of silages was
monitored by determining total volatile nitrogen (TVN) and biogenic amines concerning
protein and free fatty acids (FFA) and peroxides concerning fat.
In Exp. II that dealt with formate oxidation in mink, 30 weanling male mink of standard type
were used. The experiment comprised of two parts, a 4-wk feeding period under conventional
fur farm conditions and an oxidation test in metabolic chambers. For the feeding period,
mink were divided into five groups receiving incremental doses of dietary folic acid in order
to investigate the influence hepatic folate status on the rate of formate oxidation. In the
oxidation test, mink were first administered with [14C] labelled sodium formate (i.p.) after
which the elimination of [14C] labelled CO2 in exhaled gases was measured for three hours.
In addition to the unsupplemented basal feed and a diet containing current recommended folic
acid level of 1 mg, additional levels of 5, 10 and 20 mg kg-1 DM were evaluated. After the
test, mink were killed and their hepatic folate status was measured.
Exp. III was a production experiment and comprised of two periods. First 300 pairs of 9-wk
old standard mink kits were divided into three feeding groups, 100 pairs in each, and fed zero,
medium or high silage diets, from July 11 until pelting. Dietary treatments contributed to
formic acid concentrations (85% w/w) of 0, 2-2.5 and 4.5-5.0 g kg-1 feed. Growth data were
collected from all animals and fur quality from 70 pelted males per group. The second period
with the remaining 90 males and 300 females started on December 21 and lasted until
weaning in June the following year. During the breeding period, each of the three groups were
further randomly divided into two groups and fed recommended or increased levels of
supplemental folic acid. In addition to production parameters, the stage of spermatogenesis
was histologically evaluated.
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Exp. IV comprised of three consecutive tests where the elimination of benzoic acid in urine
and faeces of 24 growing mink, blue foxes and raccoon dogs was investigated. Tests consisted
of four incremental sodium benzoate intake levels and two dietary glycine levels (low or
high). In addition, the elimination of two levels of ethylbenzoate was tested in mink (n=6).
Experimental feeding lasted for 7 days and consisted of a 3-d adjustment period, a 3-d
collection period and a 24-h period during which elimination of i.p. injected radiolabelled
[14C] benzoic acid in urine was measured.
Exp. V dealt with formate metabolism in blue foxes. Similar to Exp. II with mink, weanling
blue foxes were first fed incremental levels of supplemental feed folic acid and then subjected
to formate testing. The oxidation of formate into CO2 was evaluated indirectly by measuring
the disappearance rate of free formate from blood, reflected as the occurrence of N10-
formylTHF, the first intermediate produced during the detoxification of formate. The test
lasted 3 h comprised of 5 blood samples taken from the vena cephalica. In the follow-up
experiment, blood formic acid concentrations were followed for 4½ h in 8 adult blue foxes
after they had been given feed that contained formic acid. Two levels of formic acid were
applied to each animal.
Laboratory analysis
Most routine and all microbiological analytical procedures were conducted in the accredited
Fur Animal Laboratory of the Finnish Fur Breeders’ Association. Special analysis such as
determination of formic acid, benzoic acid, hippuric acid, folic acid and amino acids were
carried out in the laboratories of co-workers.
Formic acid was determined spectrophotometrically using a commercially available method.
Serum was prepared following a 10-min. centrifugation of 1 000 x g for fasted animals and 11
600 x g for fed animals (due to lipemic serum) after which formic acid concentrations were
assessed using a spectrophotometric-based commercial kit (Boehringer Mannheim GmbH,
Germany).
As for benzoic and hippuric acid determinations, fresh samples of feed and faeces were first
diluted with distilled water and mixed for 60 min. After sedimentation, samples were
centrifuged (11 600 x g, 4°C, 5 min) and the supernatant was analysed using HPLC (Hewlett
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Packard 1090, WaldBronn, Germany) using a modified method based on that of Plasser &
Klostermeyer (1988).
For amino acid, ammonia and urea analyses, plasma was obtained by centrifuging blood
samples collected in EDTA tubes. Plasma proteins were precipitated (1000 x g, 10 min.) with
12% sulfosalicylic acid, after which plasma was centrifuged and the supernatant analysed
using a Biochrom 20 Amino Acid Analyser. Urinary ammonia and urea concentrations were
determined colorimetrically according to McCullough (1967).
For hepatic folate measurements, liver samples in Exp. II were immediately cubed, frozen
and stored at –20°C under extraction buffer (max. 5 days) whereas in Exp. V livers were
stored whole at -20°C prior to cubing and further analysis. Thereafter, heat extraction,
deconjugation and purification of samples was conducted in a similar manner for both
experiments. Ascorbic acid and mercaptoethanol were used to prevent oxidation of samples.
Deconjugation was performed with a trienzyme treatment containing amylase, protease and
hog kidney conjugase (Vahteristo et al., 1996; Pfeiffer et al., 1997). Purification of the sample
extract was conducted with solid phase extraction chromatography in Exp. II and with
affinity chromatography in Exp. V (only feeds). The retained THF was detected using a
reversed-phase C-18 column and UV and fluorescence detectors (Ruggeri et al., 1999).
Plasma (Exp. II) was first mixed with Na-ascorbate and ascorbic acid, denatured in a boiling
water-bath and cooled on ice. The pellet of the centrifuged sample was resuspended in
ascorbate solution and centrifuged. THF from filtered supernatant was measured.
Microbiological assay for folates was performed with a microtiter plate method (37 °C, 42 h)
using Lactobacillus rhamnosus as a growth organism (Molloy & Scott, 1997) and an ELISA
plate reader set at 595 nm (iEMS Reader MF 2.7-0, Labsystems, Helsinki).
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RESULTS AND GENERAL DISCUSSION
Preservation of slaughterhouse by-products with formic and benzoic acids
Yeast growth and silage quality
Because yeasts and moulds can well grow at pH 3.5 (Warth, 1985; Jay, 1992), growth of
fungi has complicated the use of silages in fur farming from the early days of ensiling, both
with slaughterhouse by-products (Backhoff, 1943; Lindgren, 1992; Lindgren & Pleje, 1983;
Skrede & Nes, 1988) and fish (Losnegaard et al., 1974; Gildberg & Raa, 1976; Jørgensen et
al., 1976; Austreng et al., 1979). Even though yeasts and moulds could be prevented by
benzoic or sorbic acids, their use was not accepted for economical reasons (Lindgren & Pleje,
1983; Lindgren, 1992). Furthermore, benzoic acid was not accepted due to its toxicity in the
cat (Bedford & Clark, 1972; Møller Jensen & Jørgensen, 1975).
According to the results of the preservation experiment (I) yeast fermentation is not a separate
process but leads to subsequent deterioration of hygienic and nutritional quality of silage.
Growth of yeasts seems to initiate the spoilage process. Because yeast fermentation is
associated with CO2 production, the atmosphere within silage changes, and pH increases. As
pH increases, the proportion of formic and benzoic acid in dissociated form increases. While
36 and 61% of formic and benzoic acid molecules are in undissociated form at pH 4, at pH 5
the percentages are lowered to 5 and 13%, respectively (Figure 2). Due to a lower proportion
of undissociated molecules the buffering capacity of formic acid is reduced and the spoilage
process accelerates. Once pH 4.5 is reached, the growth of many spoilage bacteria begins
(Jay, 1992) and results in extensive protein degradation and a marked decrease in the
nutritional value of silage. The duration of this process is dependent on ambient temperature.
Because the growth of a yeast in the presence of benzoic acid also increases resistance to
benzoic acid and other weak preservative acids (Warth, 1989), it is important that the initial
concentration is lethal to yeasts so that the number of yeasts does not increase. Some yeast
species are tolerant to common preservatives because they have an ability to transport anions
of dissociated preservative out of the cell (Warth, 1991). Since maintenance of intracellular
pH requires energy, low concentrations of preservatives may even stimulate fermentation
(Warth, 1988). This development could be seen both with propionic and benzoic acids in the
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current experiment (I). Yeast growth particularly with propionic acid proceeded rapidly after
a lag phase.
Consistent with earlier results (Warth, 1989), the current experiment (I) showed that in high-
moisture materials such as slaughterhouse by-products, propionic acid is a markedly weaker
inhibitor of yeasts than benzoic acid and that these preservatives do not act synergistically.
Propionic acid alone (2 g kg-1) or combined with benzoic acid (1 g kg-1+ 1 g kg-1) led to yeast
growth earlier than benzoic acid alone (2 g kg-1). Due to a lower molar mass of propionic acid
compared to benzoic acid (74.08 vs. 122.1 g) the weaker effect of propionic acid is further
accentuated. These findings concerning propionic acid are consistent with earlier studies
(Warth, 1989; Lindgren, 1992; Cai et al., 1998; Schultz & Muller, 1999). Even though results
were encouraging with a higher concentration of propionic acid (3 g kg-1) in combination with
benzoic acid (1 g kg-1), this treatment was not considered for further investigations due to the
low palatability of propionic acid in mink (Jørgensen, 1981). Despite of spoilage to the
organoleptic stage, use of benzoic acid (2 g kg-1) appeared to stabilize the silage significantly
better than propionic acid and on this basis was selected for further evaluation. It was
observed that ensiling boneless slaughterhouse by-products with 10 g kg-1 formic acid (85%
w w-1) and 3 g kg-1 sodium benzoate resulted in inhibition of microbiological and nutritional
spoilage that even allowed unfrozen storage of by-products for several months (Pölönen &
Mäkelä, unpublished data).
Practical, slaughterhouse scale applications have confirmed the results from the preservation
experiment (I). Gas formation due to excessive yeast fermentation previously caused constant
problems in handling and transportation of acidified by-products, but has now ceased
(Valkosalo, personal communication). Some yeast species have also developed resistance.
Therefore, it is important that ensiling is carried out in batches and that equipment is cleaned
regularly. In cases where yeast fermentation has started, even excessive use of benzoate and
pH reduction to 3.5 are ineffective, such that only thorough cleaning of equipment restores the
stability of subsequent by-products. A great majority of by-products are currently ensiled
within the slaughterhouse. Whereas boneless pig and beef by-products are stabilized using the
aforementioned combination of formic and benzoic acids, for broiler by-products inclusion of
formic acid (85% w w-1) 15 g kg-1 is required.
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Ensiling by-products of different ash content
In the early days of ensiling, numerous different feedstuffs were tested for formic acid
ensiling requirements and an equation for different fish products was introduced (acid amount
in liters = 0.25 + 0.3 x g ash kg-1) (Olsson, 1942). For all boneless slaughterhouse by-products
the recommendation was 10 g kg-1 or more (Backhoff, 1943) which is in accordance with the
current studies (III) and practical experience. Therefore, for the mink trial where available by-
products also contained bone material, formic acid was used at a higher concentration than
would be required for boneless by-products. However, even though the higher amounts of
acid prevented an increase in silage pH and stabilized the product for months, in combination
with the high by-product ash content, use of formic acid caused hydrolysis of fat indicated by
a high concentration of free fatty acids. Fat hydrolysis itself is not harmful nor does it produce
toxic substances, but the digestibility of fat may be altered. It has been shown that free fatty
acids are absorbed to a lower extent than 2-monoglycerols (representing one third of end
products of pancreatic lipolysis), particularly if the fatty acid in position 2 is saturated (Renner
& Hill, 1961). Free fatty acids are more exposed to saponification than esterified fatty acids
and are therefore able to form insoluble calcium salts. Regardless of fat hydrolysis, earlier
studies have shown that the digestibility of saturated fat in particular is sensitive to dietary ash
content and neutralizing agents such as bone meal, limestone or calcium hydroxide (Rouvinen
& Kiiskinen, 1991; Pölönen et al., 1992). In the study of Rouvinen & Kiiskinen (1991) bone
meal in the diet of mink reduced the digestibility of beef tallow from 87 to 66%. A
comparable reduction in fat digestibility was also observed when calcium hydroxide was used
to neutralise ensiled beef by-products (Pölönen et al., 1992). Moreover, because the
digestibility of saturated fat is low, especially in young mink (Rouvinen, 1989), it is probable
that the effects of calcium salts on digestibility are potentially greater in these animals.
Therefore, even though the reduction in the digestibility of fat did not reach statistical
significance in adult mink (91.1 vs. 88.7% SE 1.0, III) in the presence of high free fatty acid
and high dietary ash concentrations, a greater reduction may have been expected in mink kits.
Therefore, ensiling of high ash by-products in general should be avoided. Furthermore, the
lower inclusion of formic acid for low ash content by-products allows a more extensive use of
ensiled feedstuffs.
Despite earlier research and the results of experiment (III) implicate factors that may decrease
the digestibility of saturated fat in ensiled by-products, the effect of ensiling on digestibility of
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fat digestibility appears to be generally positive. In the follow-up experiment of the
preservation study (I) ensiling improved the apparent digestibility of fat. The results were not
included in the publication, but are currently presented here in Table 1. The experiment was
conducted with extra silos that were also stored at 4 °C for five weeks, but were not sampled
during the storage. In contrast to most experiments with pigs (Partanen & Mroz, 1999)
improvements in protein digestibility did not reach statistical significance.
Table 1. Digestibility of nutrients in formic (FA), propionic (PA) and benzoic acid (BA)
ensiled boneless slaughterhouse by-products in mink. The silages were stored for five weeks
at 4 °C before the experiment. Each value represents a mean of five adult male mink.
Apparent digestibility, %
By-product treatment Crude protein Crude fat ME MJ kg-1 DM
Frozen (raw) 82.3 85.2 89.0a 24.6a
FA (6 g kg-1) 84.8 88.0 93.8b 27.5c
FA + PA 2 g kg-1 86.3 86.6 95.7b 26.8bc
FA + BA 2 g kg-1 86.3 87.5 94.4b 26.2b
SEM 0.50 0.70 1.11 0.142
P-value 0.024 0.506 0.002 0.001
abc different superscript within a row indicates a statistical difference (P<0.05) between the
treatments
Prevention of pathogens by ensiling
Both the preservation (I) and production experiments (III) gave strong evidence that ensiling
of slaughterhouse by-products by means of formic acid and benzoic acid or sodium benzoate
is an effective and feasible way to conserve these high energy and protein materials for fur
animals. However, even though feeding value of by-products can be maintained, it is
important that potential pathogenic bacteria are also killed or their viability is reduced to an
uninfectious level. Whereas anaerobic sulphite reducing bacteria were effectively and
consistently inhibited with total aerobic bacteria (I), the survival of individual pathogens was
not investigated. With regard to diseases such as campylobacteriosis and salmonellosis,
concerns are directed primarily at pregnant mink and mink kits who start sampling solid feed
between 3-6 wk of age (Hunter, et al., 1984; Hunter & Lemieux, 1996; Jørgensen, 1985;
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Kangas, 1982). To address these concerns, the effect of formic acid on the viability of
Salmonella infantis was investigated (unpublished, Pölönen & Smeds). Based on incubation
after enrichment on Hektoen and XLD plates, formic acid treatment inhibited S. infantis
activity very effectively in hamburger meat and slaughterhouse by-products that were initially
inoculated with 104 CFU g-1 S. infantis. While S. infantis was totally destroyed in two h in all
samples (n=6) where 1.0 g kg-1 formic acid (w w-1, final pH 3.8) was added, with a
concentration of 5 g kg-1 (final pH 4.4), viable counts of the bacteria (102 g-1) were still
detected after 3-d storage at 20 °C. However, in the samples where sodium benzoate (3 g kg-1)
was also added, no viable growth was not detected. These results are in accordance with those
of Chung & Goepfert (1970) who showed that Salmonella species are sensitive to organic
acids and would not initiate growth when lactic acid was used to reduce pH to below 4.4, or at
a pH of 5.4 with acetic acid or 5.5 with propionic acid. It appears that ensiling slaughterhouse
by-products with formic acid and sodium benzoate, in excess of 1.0 g kg-1 and 3 g kg-1,
respectively, eliminates the risk of spreading salmonellosis.
Campylobacter jejuni is a common inhabitant of the digestive tract of poultry and other
domestic animals and therefore is commonly found in by-products, especially poultry (Jay,
1992). Considering the feeding practices of most mink farms, it is likely that mink are
exposed to the bacterium early in life. According to Hunter & Lemieux (1996) it has been
identified as the cause for outbreaks of late term abortion in adult mink and mucoid diarrhea
in mink kits that start eating solid feed. When mink in the studies of Hänninen et al. (1988) in
the last trimester of pregnancy were orally infected with a C. jejuni, all animals were
colonized with C. jejuni, however, but had no verified defects on reproductive performance.
The counts of bacteria declined rapidly in faecal samples after inoculation and only 3 out of
10 animals remained infected for the whole 6-week period. By September the samples from
all the animals were negative. Because C. jejuni is microaerophilic, and needs CO2 for growth
(10%) (Jay, 1992), it is possible that sub-inhibitory doses of formic acid and sodium benzoate,
resulting in yeast fermentation and subsequent CO2 production, can potentially create
circumstances in which C. jejuni may remain viable. However, the minimum growth
temperature of C. jejuni, above 30 °C, is unlikely to be reached during transportation and
preparation of the feed. Because this disease sometimes can lead to losses in mink farming,
viability of C. jejuni was studied in 22 samples of broiler by-products (100 g each) inoculated
with 108 g-1 C. jejuni (a strain isolated from a Finnish mink farm in 1999) and then ensiled
with 15 g kg-1 formic acid (85% w/w) and 3 g kg-1 sodium benzoate, minimum concentrations
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that are applied in practice in broiler slaughterhouses in Finland (unpublished, Pölönen,
Miettinen & Hänninen). Based on the reduction in the number of colony forming units (CFU)
(Table 2) ensiling was demonstrated to efficiently inhibit C. jejuni. Because ensiled broiler
by-products, not exceeding 250 g kg-1 feed during preweaning and early postweaning periods,
are not mixed with other, partly frozen feed ingredients before 8-10 h from ensiling, the
numbers of viable of C. jejuni in the final feed are likely to be very low. The temperature of
the feed is markedly below 10°C with a mean pH of 5.4 (Anon., 2000a). Because a mink
litter, the dam and 5-6 kits consume daily 500-600 g feed during the critical period in June,
delivered in two portions and eaten by the animals in several meals, the number of C. jejuni
cells that one mink ingest from correctly manufactured feed remains low. The infectious dose
for mink is not known but according to Black et al. (1988) it is low, a few hundreds of cells
(Black et al., 1988 ). Experiments to investigate the capability of orally administered C. jejuni
to infect and cause clinical symptoms in preweaned and weaned mink kits of varying ages are
currently in progress.
Table 2. The effect of formic acid (85% w w-1, 15 g kg-1) and sodium benzoate (3 g kg-1) on
the development of pH and CFU of Campylobacter jejuni. A batch of broiler by-products was
first inoculated with 108 g-1 CFU of C. jejuni, then divided into 22 100-g samples, ensiled and
kept in a water bath (30 °C) for 24 h. C. jejuni was detected from the samples by
determination of CFU (sensitivity > 100 CFU g-1) and by enrichment (20 g) which detects low
numbers of cells.
6 h 24 h
pH (SD) Positive samples after
enrichment
CFU>102 g-1 pH (SD) Positive samples after
enrichment
4.3 (0.31) 19/22 7/22 4.3 (0.16) 7/22
Physiological basis for the use of formic acid in fur animal feeds
Formate metabolism in growing mink
Exp. II in mink was conducted based on two principles concerning formic acid. Firstly,
formate according to basic biochemistry is a natural member of the folate dependent one-
carbon pool of any animal species and if in excess is oxidized into CO2 (Mathews & van
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Holde, 1990; Billings & Tephly, 1979) and secondly, formate oxidation into CO2 can be
measured in vivo, by administering radio labelled sodium [14C] formate into the animal and
determining radioactivity of exhaled gases, an approached used earlier in rats, small monkeys
and mice (Palese & Tephly, 1975; McMartin et al., 1977; Johlin et al., 1987;). Therefore, if
mink are sensitive to formic acid it should appear as a low formate oxidation rate. The amount
of formate that mink is able to exhale in 24 h could therefore subsequently be used as the
basis for recommended dietary formic acid allowances. Detrimental effects of formate are
related to the accumulation of free formate in body due to a limited oxidation rate as in
monkeys (Clay et al., 1975) . Different, incremental feed folic acid levels were included in the
experimental design to verify the method used to evaluate formate oxidation and also to
evaluate practical feed folic acid supplementation requirements from the point of view of
formate oxidation. No data concerning formate oxidation of mink, other fur animal species or
carnivores existed previously.
Overall results from the formate test in mink were as expected and confirmed that the mink
oxidizes formate, however, at a lower rate than nonprimates (Figure 5). While growing mink
in our experiment oxidized formate at a rate 35 mg kg-1 BW h-1 (equals to 52 mEq sodium
formate in the article II), in mice the rate is 300 mg (Johlin et al., 1987), in rats 70-80 mg
(Palese & Tephly, 1975; Eells et al., 1982; Johlin et al., 1987) and in monkeys about 30-35
mg kg-1 BW h-1 (McMartin et al., 1977; Johlin et al., 1987). Results achieved with pigs seem
to vary from one strain to another and between individual animals. In the study of Dorman et
al., (1993) in one minipig half-time was only 50 min, practically the same as in rats (Johlin et
al., 1987) whereas in another minipig it was 112 min (Dorman et al., 1993), a value consistent
with measurements of 87 (±18) min in young female swine (Makar et al., 1990). Even though
Tephly et al. (1992) reported the lowest formate oxidation rate, only 18 mg kg-1 BW h-1 in
minipigs, the half-time of formate in these same animals, 74 (±6) min, was not extremely low.
In the study of Dorman et al. (1993) only 3 out of 14 minipigs showed increased sensitivity to
formate accumulation, first thought to be a new animal model for formate studies. It is
noteworthy that renal elimination of formate which may play a significant role concerning
differences in formate elimination between species, is seldom documented in the cited
literature. According to Lund (1948a; 1948b) rabbits barely excrete any formic acid in urine
after subcutaneous formic acid injections whereas dogs excreted 40%. Due to inter-species
differences in renal elimination of formate, rates of formate removal from blood should only
be used to assess tissue formate accumulation and not formate oxidation rate.
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Figure 5. Formate oxidation rates as a function of hepatic THF level in different animal
species. Mink data is from the Exp. II, rat data from Eells et al., 1982, mouse and monkey
data from Johlin et al., 1987, and micropig data from Tephly et al., 1992. Mink legends,
increasing in size, indicate incremental dietary folic acid supplements (mg kg-1 DM).
In the current study the effect of folic acid on formate metabolism was also demonstrated
(II). The results elucidated that the natural content of folate in mink feed is sufficient to
prevent nutritional deficiency symptoms, but supplemental folic acid is needed for optimal
formate oxidation to CO2. It is emphasized that feeding mink with nonsupplemented feed for
only 4 weeks reduced hepatic THF status to below 4 nmol g-1. This value is considerably
lower than determined in humans and monkeys (6.5 and 7.4 nmol g-1, respectively) and
decreased formate oxidation rate below the level determined in monkeys (Figure 5). It is
possible that continuous intake of formic acid e.g. via feed would have interfered with the
metabolism of compounds, possibly reducing performance. Therefore, the poor results that
are occasionally reported with preweaned mink kits may be related to formate metabolism
(Ahlstrøm & Skrede, 1992; Ruud, 1987). However, because no experiments have been
conducted to evaluate the effects of formate without altering feed pH (e.g. with sodium
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formate), definitive conclusions cannot be drawn. Finally, a prerequisite for formate
metabolism, the development of folate status of young mink kit during lactation and early
postweaning growth as area of study that requires further research.
Formate metabolism in growing blue foxes
In bigger animal species such as swine, the efficiency of formate metabolism has been
investigated by determining the disappearance rate of formate from blood (Makar et al.,
1990). When formate is activated into the one-carbon pool, N10-formylTHF is formed and free
formate disappears from blood. Because a great majority of introduced formate is oxidized
into CO2 (Billings & Tephly, 1979) and the accumulation of the intermediary product, N10-
formylTHF is limited, differences in formate oxidation rate result in different disappearance
rates of formate from blood. A two times higher oxidation rate leads to a 50% shorter half-
time and vice versa as can be seen from the study of Eells et al. (1982) with rats.
Even though THF levels of blue foxes could not be obtained (V) the results clearly show the
relationship between the efficiency of formate elimination and hepatic folate status. These
findings are consistent with the results of the mink experiment (II) and with earlier studies
concerning the half-time of formate. Blue foxes that did not receive any supplemental folic
acid in their feed had hepatic folate concentrations of only one third of animals receiving feed
supplemented with folic acid (5-40 mg kg-1 DM) resulting in a 40% longer half-time of
formate (P<0.05, linear and quadratic effect).
Half-times determined in different animal species in different experiments give an indicative
picture of formate metabolism (Figure 6). The results of the present study (V) imply that the
efficiency of formic acid removal is lower in blue foxes than other animal species. The closest
reported value reported in the literature is that of a single minipig in the study of Dorman et
al. (1993) of 112 min. Compared with the results of Makar et al. (1990) and Tephly et al.
(1992) blue foxes seem to metabolize formate at a lower rate than pigs. Due to inconsistencies
between experiments, of unknown nutritional background and means of formate
administration (i.p., i.v.), ranking of animal species according to the efficiency of formate
metabolism is difficult. As an example, Clay et al. (1975) reported a half-time of formate in
the pigtail monkey to be as short as 51 min, less than half of the time in blue foxes when
sodium formate was administered i.v. 470 mg kg-1.
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Figure 6. Half-life of formate in different animal species compared with blue foxes fed
different levels of supplemental folic acid (mg kg-1 DM) (V). The data is from Eells et al.
(1982) (rat), Clay et al. (1975) (pigtail monkey), Tephly et al. (1992) (micropig), and Makar
et al. (1990) (young swine).
Inter-species differences in formate metabolism
Based on the oxidation study (II), it was estimated that mink can oxidize formate at a rate
that corresponds to a dietary formic acid (conc. 85%, w w-1) concentration of approximately
1.0 g kg-1 24 h-1, whereas the same value for blue foxes, based on the formate half-time,
corresponds to 2.2 g kg-1 24 h-1 (V). However, this comparison is confounded by the unknown
proportion of renal clearance of formate which according to Damian & Raabe (1996)
increases with incremental doses of formate and in rats can contribute to 45% of total
elimination following an 8 mM (544 mg kg-1 Na-formate) dose. Also, according to the study
of Lund (1948b) with dogs, even 40% of subcutaneously administered formic acid was
excreted in urine. Moreover, even though there is a close inverse relationship between hourly
formate oxidation rate and the half-time of formate from blood (Eells et al., 1982), the
elimination rate of formate based on the disappearance from blood is not comparable to
oxidation rates determined in a metabolic chamber. On the other hand, Clay et al. (1975),
based on monkey and rat experiments, suggested that differences in the renal excretion of
formate do not account for observed inter-species differences in systemic concentrations.
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If urinary excretion is an important source of formate elimination and varies from one animal
species to another, safe daily formic acid intakes may differ even if oxidation rates are
comparable. The daily absolute maximum amount of formic acid, based on oxidation rate (II),
is probably a slight underestimation of the maximum daily intake of mink, whereas the
elimination rate based on the disappearance rate from blood (V) overestimates formate
oxidation. Therefore, the theoretical maximum daily intake of formic acid in blue foxes, of
over 2 g kg-1 BW, does not necessarily indicate that the oxidation rate in blue foxes would be
much higher than that of mink. Further research, using a balance study, and measuring urinary
and hepatic elimination of formate in both species is required. In conclusion, because
elimination of formate from blood was attributable to the hepatic folate status of an animal,
hepatic oxidation also in blue foxes has a crucial role in formate elimination. Regardless of
establishing absolute formate oxidation rates of the investigated species, blood formate
profiles are a useful tool to evaluate acute formate toxicity.
Practical experience and experiments with formic acid ensiled feeds quite clearly show that
detoxification of formate in blue foxes is more efficient than in mink (Ruud, 1987; Ahlstrøm
& Skrede, 1991). Even though notified earlier in practice, the difference has not been fully
utilized in the feeding of fur animals, since both mink and foxes have been fed with the same
feed. If the difference in formate elimination between mink and blue foxes in reality
approaches 1 g kg-1 BW, the economical incentives that are included in the use of ensiled by-
products compared with frozen storage will eventually result in a significant reduction in the
amount of by-products stored frozen.
Even though the methods used to evaluate formate metabolism in mink and blue foxes were
different (II, V), a common feature of mink and blue foxes is that feeding of animals with
feed devoid of folic acid supplementation leads into markedly decreased formic acid
elimination within 4 weeks starting from weaning. When dietary supplementation is increased
from 0 to 1-5 mg kg-1 DM, elimination efficiency is retained. However, further
supplementations, regardless of elevating hepatic folates, do not further increase the rate of
formic acid removal . Because the efficiency of formate metabolism in mink and blue foxes is
to a large extent attributable to oxidative enzyme activities it cannot be significantly altered
by large increases in folate feeding. When activities of 6 hepatic enzymes of one-carbon
metabolism were compared between rats, humans and monkeys, it appeared that the CO2
cleaving enzyme, N10-formylTHF dehydrogenase which differs the most between these
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species and has the lowest activity in humans (Johlin et al., 1987). It is likely that the activity
of N10-formylTHF dehydrogenase in mink and blue foxes is the limiting factor in formate
oxidation and clearance from the blood. Based on the two current experiments (Figures 5, 6),
it seems that both mink and blue foxes eliminate formic acid at a lower rate than other earlier
investigated species which indicates that the inclusion of formic acid in the feed has to be
controlled and monitored more closely compared with other productive animals such as pigs.
Formic acid intake in relation to body weight
A physiological point of view changed the bases on which the use of formic acid in fur animal
feeds was initially considered. Earlier discussions concerning formic acid was based on its
concentration in feed (Table 3), whereas the effects in reality relate to the dietary intake per
kg of BW. It is generally known that there is a strong positive correlation between relative
growth and feed intake of an animal. Daily feed intake in relation to BW is the highest soon
after weaning when animals are rapidly growing. In fur animals a change in feed intake is
emphasized by two other factors, dietary DM and fat. Firstly, DM of the feed is kept low
during lactation in order to provide developing kits with as much water as possible and ease
the sampling of solid feed (Bergh, 1986). This indicates that already at a young age, mink kits
eat considerable amounts of feed. After kits learn to use automatic watering nipples, feed dry
matter is gradually increased from approximately 330 to over 400 g kg-1 during the growth-
furring period (Anon., 2000a). Secondly, while dietary fat content is also increased to support
fat deposition of maturing animals (Hansen et al., 1991), absolute amounts of feed consumed
per kg of BW decreases considerably from weaning to pelting. In an experiment with blue
foxes where feed dry matter and energy content were kept constant throughout the growth-
furring period, average daily feed intake decreased from 182 g kg-1 BW right after weaning
(July 13-Aug 3) to 105 g at the end of growth period (Sep 14-Oct 4) and was only 63 g at the
beginning of December (Dahlman, unpublished). Therefore, the percentage of formic acid in
ready mixed feed can be increased as the season proceeds. In addition to weaned kits, the
relative feed intake of lactating dams may peak at levels when dietary formic acid
concentration should be monitored. In the study of Hansen (1997) feed intake of lactating
females was as high as 300-350 g kg-1 BW. On the basis of daily formate oxidation (II) of 1 g
kg-1 BW, it would indicate a maximal dietary formic acid concentration of only 2.9-3.3 g kg-1
feed, significantly less than 4-5 g kg-1 feed (III).
25
Table 3. Results of mink reproduction experiments with formic acid (85% w/w).
No of
females
Females without kits, % Kits per mated
female
Mean male kit
weight
Reference
Control
FA 0.5%, whole life, 1st gen.
(females only)
48
47
13
11
3.9
4.0
110
117
Tång, 1984
Control
FA, 0.5%, whole life, 2nd gen.
66
80
20
13
4.1
4.5
588
592
Tång & Mäkelä, 1984
Control
FA, 0.5%, whole life, 3rd gen.
74
74
14
9
4.3
4.3
483
516
Tuomikoski & Mäkelä,
1985
Control
FA, 0.5%
94
87
19
30
4.0
3.2
454
487
Mäkelä & Dahlman,
1986
Control
Acetic acid 0.3%+FA 0.6%
40
41
30
17
4.0
4.6
367
292
Ahlstrøm & Skrede,
1992
Control
Formic acid 0.45% via silage
91
98
27
12
4.3
4.5
446
400
Exp. III
Control
Formic acid 0.3% via silage
24
24
12
4
3.4
4.8
386
360
Ruud, 1987
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Physiological basis for the use of benzoic acid in fur animal feeds
The use of benzoic acid in fur animal feed has been influenced by the reports dealing with
benzoic acid poisoning in the cat (Bedford & Clarke, 1971; 1972). The message of these
reports was generally adopted in the mink industry at a time when fish silages were being
developed (Losnegard et al., 1974; Møller Jensen & Jørgensen, 1975). Hence, irrespective to
the facts that the domestic cat is an exception among mammals in elimination of benzoic acid
and that the ferret (Mustela putorius furo) can eliminate benzoic acid efficiently (Bridges et
al., 1970), the use of benzoic acid was not seriously considered for use in mink feeding.
However, because benzoic acid is an efficient and important preservative to inhibit yeast
growth in ensiled by-products (I, III) and both a Polish study (Bieguszewski, 1991) and our
own preliminary findings (Pölönen & Toivonen, 1997) gave no evidence to indicate benzoic
acid sensitivity in mink, more detailed information was considered necessary. Even though
benzoic acid is the oldest chemical preservative and a fundamental compound in biochemistry
with a history of over 200 years and extensively researched (Trempblay & Qureshi, 1993),
only limited comparative data about benzoic acid elimination in carnivores is available
(Bridges et al., 1970; Kao et al., 1978; Irjala, 1972). Only a few experiments, where sodium
benzoate was included in silage (Bieguszewski,1991; Lorek, 1991), had been conducted with
mink and blue foxes after the study of Møller Jensen & Jørgensen (1975). Therefore, in order
to assess practical feeding recommendations, a study of benzoic acid elimination in three
different fur animal species, the mink, blue fox and raccoon dog was conducted (IV).
Metabolism of benzoic acid in mink, blue foxes and raccoon dogs
Overall results of Exp. IV were as expected on the basis of earlier research with ferrets
(Bridges et al., 1970), dogs (Kao et al., 1978; Irjala, 1972) and blue foxes (Lorek, 1991).
Typical abnormalities in the behaviour of cats after an overdose of benzoate (convulsions,
aggression, hyperaesthesia) were not observed in any of the experimental animals. Both with
mink, blue foxes and raccoon dogs benzoate intake approached 4 mmol kg-1 BW and thus was
over two times higher than Bedford & Clarke (1972) recommended for the maximum daily
dose in cats (1.6 mmol kg-1 BW) and even exceeded the level that was recommended as a
maximum single dose (3.6 mmol kg-1 BW). The experiment confirmed the result of our earlier
experiment (Pölönen & Toivonen, 1997) and refuted the misgiving that fur animals in
general, and the mink in particular, have a sensitivity to benzoic acid.
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With regard to the study of Møller Jensen & Jørgensen (1975) with 0.075% sodium benzoate
via fish silage in the feed of young mink (approx. 1.3 mmol kg-1 BW), the poor results do not
appear to be attributable to benzoate, but rather to the additive effects of formic acid and
hexamethylene tetramine also present in fish silage. In addition, palatability of this feed was
extremely low. In an acidic environment, hexamethylene tetramine breaks into ammonia and
formaldehyde, from which formaldehyde naturally increases the formate load in the body. In
addition to the experiments conducted in Poland and Finland (Bieguszewski, 1991;
Biequszewski & Glowinska, 1992; Pölönen & Toivonen, 1997; III) sodium benzoate has now
been used in fur animal feeds for over five years in Finland, at a level not exceeding 0.1% in
the feed. Because the results of the current experiment (IV) also give evidence that, in
contrast to the cat (Bridges et al., 1970), the glycine conjugation pathway is not the only route
the mink uses to eliminate benzoate, such that even accidental high doses of benzoate are not
life threatening. Therefore, from the point of view of benzoate elimination, it can be
concluded that benzoate can be used in fur animal feeds.
Inter-species differences in benzoic acid metabolism
Even though the overall excretion of benzoic acid as hippuric acid in mink, blue foxes and
raccoon dogs is typical of carnivores, i.e., the proportion of hippuric acid excretion decreased
with incremental benzoate intake (Bridges et al., 1970; Hutt & Caldwell, 1990), there also
existed remarkable differences in the elimination of benzoate between these species. In the
Figure 7 the sum of urinary benzoate compounds and faecal hippuric acid is compared with
apparently absorbed benzoate. This summation probably best demonstrates the fate of
absorbed benzoate in the studied species, although it is possible that animals urinated on
faeces, and therefore unbound benzoate could be of urinary origin. Faecal hippuric acid, is
however, a part of the conjugated benzoate pool. Moreover, absorbed benzoate is more
comparable with recoveries of intraperitoneally injected [14C] labelled benzoic acid. Activity
of [14C] in faeces was negligible. While practically all absorbed benzoate was excreted as
hippuric acid in blue foxes, in raccoon dogs the proportion was only 45% and decreased to
26% at the highest benzoic acid intake (Figure 7). Therefore, in contrast to earlier reports and
the typical diminishing importance of glycine conjugation pathway in the elimination of
benzoate in carnivores, the raccoon dog appears to be an exception. Of the studied species, the
raccoon dog had the lowest capacity to conjugate glycine, but it is however, considered to be
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Figure 7. Daily excretion of urinary hippuric and benzoic acid (UHABA) and faecal hippuric
acid (FHA) in relation to apparently absorbed benzoic acid (dietary intake-faecal benzoic
acid), and urinary recovery of a single intraperitoneal injection of [14C] benzoic acid plotted
against incremental total sodium benzoate intake within feed (x-axis, mmol kg-1 BW d-1). The
number of animals is shown in parentheses.
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an omnivore and will consume a wide range of food items including berries (Kauhala et al.,
1998). The fact that amino acid metabolism of raccoon dogs was the least affected by
incremental doses of benzoate is consistent with the low proportion of excreted hippuric acid,
and the suggestion that amino acid conjugation is not the principle elimination pathway. In
conclusion, it appears that diminishing importance of glycine conjugation pathway is not
related to the extent of carnivor activity of a species, since glucuronidation can contribute to a
significant proportion of total benzoate elimination.
Whereas the raccoon dogs on the basis of urinary excretion, deviated from the other two
investigated species in the efficiency to conjugate benzoate with glycine, blue foxes, in
contrast to mink and raccoon dogs, excreted markedly more unbound benzoic acid in urine
and an increasing proportion of ingested benzoate in faeces (linear effect of benzoate level,
P<0.01). Thus the ’apparently unabsorbed’ proportion of benzoate increased from 6 to 15%,
from the lowest to the highest feed supplementation of benzoate, respectively. In raccoon
dogs and mink the proportion of free benzoic acid excreted in faeces was constant and on
average was also lower than in blue foxes. Furthermore, hippuric acid excretion remained the
main elimination pathway even of high benzoate intake levels.
The observation that urinary hippuric acid excretion in blue foxes increased markedly with
incremental dietary benzoate, irrespective of dietary glycine intake, indicates a higher activity
of enzymes involved in the conjugation process (Figure 4). According to Forman et al. (1971)
the activity of the enzyme that transfers benzoyl-CoA to glycine (glycine N-acyltransferase) is
10 times higher than the activity of acyl-CoA synthetase, the enzyme that activates benzoate.
Therefore, the difference in efficiencies to conjugate glycine with benzoate is attributable to
the transferase enzyme. Because we only measured urinary excretion of the conjugated
compound, the reasons for differential excretion rates between animal species remain unclear.
In addition to conjugation mechanisms, urinary excretion is influenced by possible inter-
species differences in renal handling of different conjugates (Pang, 1990). Since blue foxes
excreted markedly higher proportions of benzoate in free form, it is likely that these findings
are attributable to differences in renal function in this species, compared to mink and raccoon
dogs.
Conjugation reactions involve a simple series of events where a nonpolar xenobiotic is
conjugated with another more polar compound which increases water solubility and thus
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enables urinary excretion (Mulder, 1990). However, the amount, type and number of excreted
conjugates is influenced by several factors, such as the cell membrane barrier due to increased
polarity of conjugate, deconjugation before the release into the sinusoids, enterohepatic
circulation via bile and differences in renal handling of conjugates. Conjugates formed in
extrarenal organs are subjected to all renal removal processes (filtration, metabolism,
reabsorption and secretion) whereas intrarenally generated conjugates avoid filtration. Due to
anterior placement relative to the liver, the intestine, another conjugating organ regulates the
substrate supply entering the liver and therefore the hepatic contribution to total conjugate
metabolism (Pang, 1990). Moreover, the activated acyl-CoA can react with various acceptor
groups, other than amino acids or glucuronic acid, and may even become ’hidden’ due to
incorporation into triglycerides which is one explanation for the low excretion of hippuric
acid in raccoon dogs. Compared with mink and blue foxes, raccoon dogs were older and
beginning to accumulate fat reserves for winter while the mink and blue foxes were leaner and
still growing. Therefore, to confirm the observation that the raccoon dog has a defective
glycine conjugation pathway, another experiment with animals of the same age should be
conducted. Ester glucuronides are not very stable at a slightly alkaline pH which can result in
significant amounts of free xenobiotic in urine giving an expression that the compound has
been excreted unchanged. (Mulder, 1990). Even though this ethiology to explain the excretion
of free benzoic acid in the urine of blue foxes is theoretically possible, the acidic pH of urine
in blue foxes and the fact that the urine was acidified and kept in ice tend to contradict this
explanation. Moreover, if benzoylglucuronide was the source of free benzoic acid, the
proportion of free acid should have increased with benzoate intake due to higher amounts of
benzoylglucuronide in urine.
Effect of benzoate on urine acidity
One of the aims of the benzoate study (IV) was to investigate if urine pH could be decreased
by supplemental sodium benzoate. Studies of Mroz et al. (1998) have shown that Ca-benzoate
(C6H5COO)2Ca • 3H2O) reduces the urine pH of pigs and subsequent ammonia emissions
from manure. In addition, low urinary pH in mink is particularly important for the inhibition
of urinary calculi (Clausen, 1999; Jørgensen, 1985). However, contrary to the results achieved
in pigs, urinary pH in mink increased with incremental increases in benzoate (P<0.01) but was
unchanged in blue foxes. The observation that urine acidity did not increase even in those
blue foxes that excreted large amounts of hippuric acid indicates that the urine of this species
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and probably carnivores in general, is more buffered to changes in pH than porcine urine.
Mroz et al. (1998) used Ca-benzoate 24 g kg-1 air dry feed, which on a molar basis is over 2
times more than the highest benzoate concentration in the current study (V).
Even though benzoate proved to be safe and efficiently eliminated in all of the studied
species, the increase of urine pH (P<0.01), from 7.0 to 8.2 with the incremental benzoate is an
important observation for mink farming. Decreased acidity of urine leads to an increased
occurrence of urinary calculi, a metabolic disease that causes losses of male kits in June and
July. The alkaline urinary pH observed in mink may also be attributed to relatively high
carbohydrate and low protein dietary concentrations and the dietary inclusion of vegetable
protein in the diet (Fox, 1998; Case et al., 1995). In the study of Clausen (1999), precipitation
of struvite crystals did not occur when urine pH was lowered to 6.3 with ammonium chloride.
Sodium benzoate has now been used for five years in Finland in mink feed without increasing
the incidence of urinary calculi of mink. Because the level of benzoate in feed has been below
1 g kg-1 (2-3 g kg-1 silage), approximate intakes have rarely exceeded 1.0 mmol kg-1 BW.
However, the pH-increasing effect of benzoate in mink is consistent with an observation of a
Finnish mink farmer who reported that urinary calculi increased after extra sodium benzoate
was added in the feed to cure the disorder. Our results indicate that the excessive use of
benzoate in mink feeds during June and July should be avoided. If the feed already contains
formic acid-sodium benzoate ensiled by-products, no additional benzoate should be used to
prolong final feed stability.
Total elimination of benzoate and contribution of other conjugation pathways
With regard to the recovery of the intraperitoneally injected [14C]benzoic acid, the results
were expected only for mink (Figure 7). The plan to measure total elimination of benzoate
with [14C]benzoic acid and thus indirectly evaluate the proportion of excreted
benzoylglucuronide was unsuccessful as a single injection in blue foxes and raccoon dogs.
Steady state was not reached within 24 h and urinary recovery of [14C], remained low. In blue
foxes [14C] recovery was lower than the sum of urinary hippuric and benzoic acid. In raccoon
dogs and mink, recovery was higher and an existence of a third compound in urine, most
likely benzoylglucuronide (Bridges et al., 1970) could be demonstrated. However, incomplete
recovery in 24 h, equivalent to half of the injected dose is difficult to reconcile, but is
consistent with the experiment of Bridges et al. (1970) in pigs where 24-h recoveries in 2
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individuals was as low as 48 and 51%, even though a low dose of 50 mg kg-1 BW (0.35
mmol) was used. The low recovery may be related to the size and metabolic rate of an animal.
In the study of Lang & Lang (1956) with rats over 95% of i. p. injected benzoic acid (50 mg
rat-1, 2.2 mmol kg-1 BW) was recovered in urine in 24 h. In the study of Thabrew et al. (1980)
[14C] labelled benzoic acid, 1.6 mmol kg-1 BW, also was administered intraperitoneally, both
to normal rats and to the rats whose benzoylglucuronide excretion was increased by a
protein-energy deficient diet. With both dietary groups the 24-h recovery was high, 82 and
81%, respectively, significantly higher than with any of the currently studied species (V).
Therefore, a longer collection period, repeated injections with [14C] labelled benzoic acid, or
preferably oral administrations during 2-3 consecutive days probably would have allow a
more accurate description of benzoic acid metabolism. Preferably, urinary
benzoylglucuronide content should be determined. However, due to unavailability of an
analytical standard, an indirect radio-label method had to be used.
In conclusion, blue foxes seemed to be markedly better ’equipped’ to handle feed benzoate
than mink and raccoon dogs. Blue foxes appear to have the highest capacity to conjugate
benzoic acid with glycine and excrete hippuric acid urinary. In addition, in this species
approximately 10% of benzoic acid avoids conjugation and exists in unbound form in the
urine. Moreover, it appears that the intestine of this species has an important role in the
elimination of large amounts of benzoate, possibly due to a lower absorption. Faecal and
urinary excretion of free benzoic acid can contribute up to 25% of total elimination.
Performance of mink fed ensiled by-products
Growth of mink
Even though the growth of both weaned and unweaned male mink kits were negatively
affected by increases in the proportion of silage in the diet, the cause remains unclear (III). It
is likely that the unexpectedly high ash content, fat hydrolysis and subsequent formation of
insoluble calcium salts of saturated fatty acids, confounded the interpretation of experimental
data.
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In general, the results are in good accordance with earlier experiments were formic acid has
been added in the feed or respective amounts of acid has entered the diet via silage. Results of
most experiments with formic acid have been good. However, when feed formic acid (85% w
w-1) concentration has exceeded 5 g kg-1 or feeding has started immediately after the weaning,
a delayed development of haemoglobin or depressed growth of male kits has been observed
(Tång, 1984; Tång & Jokivartio, 1985; Ruud, 1987; Ahlstrøm & Skrede, 1991; Ahlstrøm &
Skrede, 1992; Skrede et al., 1991; Pölönen et al., 1992). In many experiments formic acid has
been included in feed via ensiled fish or slaughterhouse by-products which makes
interpretation of the results difficult.
Despite increases in silage feeding leading to decreases in weight gain during growth-furring
period (quadratic effect of silage level, P<0.001), compensatory growth in September resulted
in comparable skin lengths for all groups. Regardless of different body weights at pelting, the
maximum weights of mink of all dietary groups in October were comparable. According to
Møller (1997) it is the live weight of mink at the end of October that is most closely
correlated with skin length whereas further changes have a negligible influence on it.
Earlier investigators have emphasized the low palatability of formic acid feeds as the
causative factor of reduced feed intake and lower performance (Møller Jensen & Jørgensen,
1975; Ahlstrøm & Skrede, 1991), but on the basis of the results of Exp. II, an excessive
intake of formic acid may better explain these findings. It is doubtful that a reduced feed
intake per se would result in delayed development of haemoglobin concentration, the most
usual defect with formic acid feeds in mink. Detrimental effects of formic acid are usually
seen first with males probably due to their higher relative feed intake associated with a faster
growth rate. According to Hansen (1997), the growth rate of male mink is 15% higher
compared with females between 4-6 weeks of age and even 60% higher later during the post-
weaning period. In the current study (III), the intake of formic acid in females and males on
average peaked at 1.1 g kg-1 BW, but due to aforementioned inter-sex difference in feed
intake, the intake of formic acid in male kits may have been higher observed as an effect of
sex on performance. According to the results of Exp. II, the oxidation rate of the mink is
approximately 1 g kg-1 BW (85 w w-1). Therefore, it is suggested that the delayed
development of mink attributable to formic acid is physiological in origin and only observed
when formic acid intake exceeds oxidation rate (quadratic effect). However, from the point of
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view of the economically important skin size, delays in growth and haemoglobin development
are of only minor practical importance.
As far as the growth results of kits before weaning are concerned, the effects of ensiling, such
as the formation of free fatty acids and potential saponification of saturated fats are likely to
have influenced the weight gain of mink kits. The delay took place between 21 and 49 days of
age, the period when kits learn to eat solid feed. Due to increased feed intake compared with
the control group, the inferior weight development of lactating females in the high silage
group (P<0.01) is consistent with the assumed low digestibility of dietary fat. The proportion
of the kits as feed consumers during the fourth week of May is still minimal (Hansen, 1997).
However, the effect of formic acid cannot be completely ignored in preweaning growth,
because only the high silage diet decreased growth and only male kits were affected, which
again refers to the threshold level of formic acid as discussed earlier.
The observation that mink skins in the high silage group weighed less (P<0.05), is primarily a
reflection of physiological state before pelting, and probably differences in the profile of
absorbed fat. In an earlier experiment (Pölönen & Mäkelä, 1988) where mink received
fermented high fat beef offal in their diet, mink lost even more weight than in the current
study (III), but did however, produce a high quality pelt. Dietary ash content during furring
was high and the formation of calcium salts probably lead to a higher proportion of
unsaturated fatty acids being absorbed, a phenomenon that appeared as thinner skin. The
observation that the mink in the high silage group (III) ate more during October and
November, but lost more weight than the mink in the control group is consistent with the
suggestion of a lower digestibility of saturated fat during this period. Because the relative feed
intake of mink and hence, formic acid intake, was significantly lower during October and
November compared to July, formic acid as such was not affecting the performance during
this period. Moreover, a lowered digestibility of fat due to saponification was suspected as the
main reason for a feed problem in a Finnish feed center (Valkosalo, personal communication).
The feed that contained ensiled beef by-products of high bone content resulted in diarrhoea in
furring blue foxes and grey loose faeces in mink. Contrary to expectations, feed intake
remained high also during the latter part of furring period (November), resulting in a marked
weight loss but a very high quality, silky fur.
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Haematology and fur quality of mink
The observation that the colour of the underfur of mink in the high silage group tended to be
lighter is consistent with blood haemoglobin concentrations measured on 15 September. None
of the mink had grey underfur which is a sign of severe iron deficiency (Stout et al., 1960) nor
were the values in September below 150 g l-1, the threshold value for this defect (Treuthardt,
1992). Because lighter pigmentation of underfur in general correlates with delayed
haemoglobin development (Näveri et al., 1984; Pölönen et al., 1992), the lighter color
intensity in the mink of high silage group is consistent with decreased haemoglobin
concentration during furring (III). Similarly to mink in the high silage group (III),
haemoglobin values also plateaued in September in the study of Rouvinen et al. (1997) when
mink were fed a fish silage (300 g kg-1) diet containing 0.6% formic acid. Moreover, delayed
development of haemoglobin was observed when 0.5% formic acid was added in mink feed
(Tång, 1984). Based on cited experiments and the results of the current study (III, quadratic
effect of silage level on weight development), it seems that there exists a threshold level
beyond which detrimental effects of formic acid occur. Based on the formate oxidation
measurements in Exp. II we suggested that the daily threshold level of formic acid (conc.
85%) in mink is approximately the rate at which mink oxidize formate, 1.0 g kg-1 BW d-1.
Assuming a daily intake of 250 g kg-1 BW this equates to a dietary formic acid content of 4 g
kg-1. Supposing that formate oxidation represents 85% of total elimination (Billings &
Tephly, 1979), and renal contribution to elimination is insignificant, this estimate approaches
5 g kg-1, which once exceeded results in depressed performance in young mink (Ahlstrøm &
Skrede, 1991).
The observation that adverse effects of formic acid seem to depend on age at which mink kit
are exposed to the compound also supports the suggestion that formic acid intake has a certain
threshold value that is related to BW. Occasionally the delay in growth and haemoglobin
concentration has been observed at dietary concentrations below 5 g kg-1 (III; Ruud, 1987),
but more often levels in the diet exceed 5 g kg-1. In the study of Ahlstrøm & Skrede (1992), a
formic acid content of 0.6% in ready mixed feed throughout the breeding-lactation period
lowered weaning weights of kits by 20%, but did not affect the growth of weaned kits in the
experiment when feeding started on July 27. In addition to formic acid (6 g kg-1), the feed also
contained 3 g kg-1 acetic acid (Skrede al., 1991). When the diet of mink contained 7 g kg-1
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formic acid in fish silage (28%) starting from July 13, both the growth of male and female
mink was negatively affected (Ahlstrøm & Skrede, 1991).
Reproductive performance of mink
In addition to the relationship between formic acid and delayed haemoglobin development,
formic acid was also thought to be a factor behind the unsatisfactory reproductive
performance of Finnish mink. This viewpoint proposed by Näveri (1984) who reported that
only 1 out of 10 male mink were willing to mate after being fed 10 g kg-1 formic acid (85% w
w-1) in their diet from November to December and 5 g kg-1 thereafter until mating. However,
further experiments were not conducted. Therefore, the progress of spermatogenesis was
investigated histologically (III) in order to elucidate if formic acid in silage would have the
claimed effect on male mink. However, no signs of delayed development of spermatogenesis
were found at the time of pelting, all males were willing to mate and histological examination
failed to reveal any differences in the stage of spermatogenesis on March 21. It is emphasized
that the concentration of formic acid in the current study (III) was only 4.5 g kg-1,
significantly lower than that in the study of Näveri (1984). Therefore, in order to verify
potential detrimental effects of formate on the fertility of male mink, another experiment
using higher dietary formate concentrations is required. When 10-month old male rats were
exposed to methanol vapours up to 800 ppm for 13 weeks (20 h d-1), no adverse effects on
testes-to-body weight ratio or testicular morphology were observed, even with folate-reduced
methanol-sensitive rats (Lee et al., 1991). Greater testicular degeneration was noticed in 18-
month old folate-deficient rats. As far as haemoglobin values are concerned, the results of
Näveri (1984) with adult male mink are in accordance with the results achieved with growing
mink in Exp. III. In the study of Näveri (1984), male mink that were fed high formic acid
diets had normal haemoglobin values at the end of November, but lowered values at the end
of March (183 vs. 210 g/l, P<0.01).
With regard to female fertility the results (III) are in accordance with earlier research (Ruud,
1987; Ahlstrøm and Skrede, 1992) and therefore confirm that moderate formic acid level does
not have detrimental effects on the reproduction performance of female mink. Even though
early growth of mink kits have been occasionally affected by formic acid silage in feed, the
effects on litter size have not been observed. The results of experiments conducted in four
consecutive years also give strong evidence about safety of formic acid in mink feed during
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breeding-lactation period (Table 3). In the study of Ahlstrøm & Skrede (1992) formic acid
supplementation (6 g kg-1 feed) decreased the proportion of unsuccessful females from 30 to
17%. The results of the current and earlier studies where the feed of males also contained
formic acid, 5 g kg-1, 5 g kg-1 (Table 3), without observable practical defects on male
fertility, are consistent with the results of Lee et al. (1991) with folate-reduced rats.
Some of the reasons why formic acid in general was not earlier accepted as a safe compound
with fur animals relate to the doubts that it would lower reproductive performance of mink
(Näveri, 1983). The generalization of the toxicity of one-carbon compounds, without taking
marked diffrences between primates and nonprimates into account has lead to an erroneous
conclusion concerning the use of formic acid for the preservation of fur animal feeds. In rat
and mouse models methanol inhalation at high concentrations exerts teratogenic effects,
including neural tube defects and exencephaly (Bolon et al., 1994), but whether the observed
effects are attributable to methanol or formate is remains unclear. According to Andrews et al.
(1998) both formic acid and methanol proved to be toxic to rat embryos in culture, whereas
the development of exencephaly on day 8 of gestation in mice has been attributed to
methanol rather than formate (Dorman et al., 1995). The results of these in vivo experiments
are expected since mice oxidize formate very efficiently and therefore do not accumulate
formate in tissues (Johlin et al., 1987). When sodium formate was given to pregnant mice by
cavage, 750 mg kg-1 BW, plasma formate did not reach a concentration greater than 1.05 mM
(48 mg l-1), that decreased to below 0.5 mM within 3 hours. This temporary elevation of
blood formate has minimal teratogenic effect in mice. In Exp. V serum formate concentration
increased to over 600 mg l-1 following intraperitoneal administration (338 mg i.p. as formic
acid), but only to 300 mg l-1 , when administered via the diet (up to 650 mg kg-1 BW, high
formate feed). By releasing formate slower, within 3 hours, the feed acts as a buffer that
reduces peak formic acid concentrations in the blood, while the absorption and elimination of
formate occur simultaneously.
However, formate cannot totally be excluded as a teratogen because detrimental defects of
methanol increase synergistically during a folate deficiency (Fu et al., 1996). Based on the
cited experiments, a prolonged tissue formate level is a prerequisite for teratogenic effects of
formate in vivo. Even though mink oxidize formate less efficiently compared with mice or
rats, daily formic acid (85% w w-1) intakes, below 1 g kg-1 BW do not result in prolonged
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tissue concentrations of formate nor subsequent reduction in reproductive performance,
provided that the diet contains supplemental folic acid of 1.5 mg kg-1 DM or above.
39
CONCLUDING REMARKS
Use of organic acids, formic and benzoic acids in particular was studied for the feeding of fur
animals. Experiments evaluated preservation efficiency, use of preserved by-products in feed
and formic and benzoic acid metabolism, leading to the following conclusions:
1. Formic acid efficiently kills both aerobic and anaerobic bacteria in boneless slaughterhouse
by-products at concentration of 6 g kg-1. However, without a yeast inhibitor such as benzoic
acid, the efficiency against yeast is inadequate for unfrozen storage. Propionic acid at a
concentration of 2 g kg-1 in formic acid ensiled by-products appeared to be only a weak
inhibitor of yeasts compared to benzoic acid. When the growth of yeasts is inhibited with
sodium benzoate (3 g kg-1) and the level of formic acid is adequate to maintain pH at
approximately 4.0 (exceeding 10 g kg-1), by-products can be stored unfrozen for several
months. Furthermore, Salmonella infantis was not detected in by-products after formic acid
inclusion (1.0 g kg-1) and the number of Campylobacter jejuni was markedly decreased with 6
hours of ensiling. Therefore, ensiling slaughterhouse by-products with formic acid and
sodium benzoate stabilize by-products within the slaughterhouse and prevents potential
spreading of zoonooses onto fur farms and the environment. Both formic acid and sodium
benzoate are needed and ensiling must take place in batches in order to prevent the
development of resistant yeast species that can eventually result in bacterial spoilage. Since
ensilage of high-ash by-products requires higher amounts of formic acid causing hydrolysis of
fat, ensiling is not recommended for such products. Hydrolysis of fat and the subsequent
formation of insoluble calcium salts due to ensiling has not bee investigated in broiler by-
products, but the extent is probably lower than in pig and beef by-products.
2. Based on the experiments of formate metabolism in mink and blue foxes, it can be
concluded that neither of these species accumulate formate. However, the rate of oxidation
particularly in mink appeared to be rather low, and based on the rate of disappearance from
blood was also in blue foxes lower than in previously studied species. Therefore, the results
are in accordance with earlier studies reporting detrimental effects of excessive dietary formic
acid intake in mink. For this reason, use of formic acid ensiled by-products for mink requires
constant monitoring of by-product formic acid content. Limitations on the intake of formic
acid may hinder the use of broiler by-products (formic acid content approximately 15 g kg-1),
above the conventional range of 200-400 g kg-1 in mink. However, in blue foxes the situation
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may be reversed. The current results tentatively indicate a more efficient elimination of
formic acid in blue foxes, suggesting that ensiled by-products (above 50%) can be used to a
significantly greater extent. If further research establishes that the magnitude of difference is
as large as that indicated in the current study, use of high concentrations of ensiled by-
products will bring marked cost benefits to the feed of blue foxes. In both species the use of
formic acid ensiled by-products requires dietary folic acid supplements, a substrate central to
optimal formate metabolism. It is recommended that dietary folic acid supplementation is
increased from current levels (1-2 mg kg-1 DM) to above 5 mg kg-1 DM.
3. With regard to the use of sodium benzoate in fur animal feeds, the current experiments did
not indicate that the mink, the blue fox, i.e., arctic fox or the raccoon dog to be benzoate-
sensitive species. Blue foxes appeared to be the most adapted to high intakes of benzoate, due
to an effective conjugation with glycine. This species also differed from the mink and raccoon
dog by having a higher excretion of free urinary benzoate, that increased disproportionately
with increases in benzoate intake. Based on the current study, benzoate intake in blue foxes
could exceed 4 mmol kg-1 BW, equivalent to a range of dietary concentration from 16 to over
30 mmol (2.3-4.3 g kg-1 feed) from early growth (feed intake 250 g kg-1 BW) to furring and
breeding (feed intake below 100 g kg-1 BW), respectively. Therefore, in blue foxes dietary
inclusion of ensiled by-products (3 g kg-1) is not constrained by the use of sodium benzoate.
Even though detrimental effect and sensitivity to benzoate in mink were not detected in the
current studies, use of benzoate should be more cautious in diets for mink than blue foxes.
The efficiency of mink to conjugate benzoate with glycine is markedly lower than that of blue
foxes and high dietary benzoate intakes can lead to alkaline urine which under practical
situations is associated with an increased incidence of urinary calculi. It is recommended that
benzoate intake in mink should not exceed 2 mmol kg-1 BW, equivalent to a range in dietary
concentration of between 1.1-1.7 g kg-1 (feed intake 250-100 g kg-1 BW). As for raccoon
dogs, dietary recommendations of sodium benzoate are mainly based on the absence of
detrimental effects and the observation that 24-h recovery of [14C] benzoic acid was not lower
than that in mink or blue foxes. Practical experience concerning the use of sodium benzoate in
the diet of raccoon dogs is also positive. Current studies do not provide any evidence to limit
dietary sodium benzoate concentrations in raccoon dogs below that of mink or blue foxes.
Because dietary glycine within practical ranges had no effect on benzoate elimination in any
of the studied species, it need not be monitored in association with the use of benzoic acid.
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4. The current volume of fur farming in Finland is such that all domestically available
slaughterhouse and broiler by-products in the form of formic acid-sodium benzoate treated
silage can be utilized. Therefore ensiling could be a mandatory for all slaughterhouse by-
products meant for fur animals. Furthermore, markedly higher levels of ensiled by-products
than currently employed could be used for blue foxes. The optimal use of formic acid ensiled
by-products in mink feed, is dependent on the concentration of dietary formic acid being
closely monitored. The best results are obtained as a result of co-operation between fur animal
feed manufacturers and slaughterhouses, where ensiling is performed correctly, information is
freely available and bone material is excluded from beef or pig by-products. With ensiling,
slaughterhouses are able to dispose of by-products cost effectively, and fur animals receive a
natural feed of high hygienic quality. Consequently, animal health is improved which leads to
a reduction in the use of medicines in animal production. Therefore, fur farming does not
contradict but contributes to the maintenance of a very low national level of zoonooses and
minimal use of antibiotics in animal production.
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